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journal's homepage or contact the journal’s editorial staff , so they could inform
you more deeply.

Best Regards, SClmago Team

https://www.scimagojr.com/journalsearch.php?q=24937&tip=sid&clean=0 6/7


https://www.graphica.app/
https://www.graphica.app/

5/4/26, 6:02 PM Dental Materials Journal

Name
Email

Message

D I'm not a robot

reCAPTCHA

Send

The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a
specific journal. The purpose is to have a forum in which general doubts about the processes of publication
in the journal, experiences and other issues derived from the publication of papers are resolved. For topics
on particular articles, maintain the dialogue through the usual channels with your editor.

m Services About us SCimago’s products
Journal Rankings Who we are SClmago Journal Country & Rank
Country Rankings Contact us SCIimago Institutions Ranking
Journal Value SCIimago Media Ranking
SClmago Iber

SClimago Arab
SClmago Graphica

Ediciones Profesionales de la Informacién

All the information shown in the SCImago Journal Country & Rank website can be used for non-commercial purposes as long as it is cited.

How to cite:

SClmago, (n.d.). SJR-SCImago Journal Country & Rank [Portal]. Retrieved (Date), from https:/www.scimagojr.com

Powered by:
Scopus®

© 2026 SClmago Journal & Country Rank Legal Notice Privacy Policy

https://www.scimagojr.com/journalsearch.php?q=24937&tip=sid&clean=0 717


https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/journalvalue.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/contactus.php
https://www.scimagojr.com/
https://www.scimagoir.com/
https://www.scimagomedia.com/
https://www.scimagoiber.com/
https://www.scimagoarab.com/
https://www.graphica.app/
https://www.scimagoepi.com/
https://www.scimagojr.com/
http://www.scopus.com/
https://www.scimagojr.com/
https://www.scimagojr.com/legal-notice.php
https://www.scimagojr.com/privacy-policy.php

Dent. Mater. J. _
ISSN 02_8_7;51_5_42

DENTAL

MATERIALS
JOURNAL

Volume 27,
Nurr_ibcr

-

/, r .r: A
( g *)
| r /

\‘,‘ ._.f_/

March 2008

THE JAPANESE SOCIETYS
HOR DENTAEL MATERIALS
AND DEVICES

JAPAN SOCIETY FOR
ADHESIVE DENTISTRY

DENTAL
il
| é} 1951

% ;
& The Japanese Society
56 e

for Dental Materials and Devices
3 http://wwwsoc.nii.ac.jp/jsdmd/index-e.shtml
'DMD

Scanned by CamScanner



The Japanese Society for Dental Materials and Devices

Presiden

Board of Directors

t: Takashi MIYAZAKI

Vice-President

and
Director
Director
Director
Director
Director
Director

Director, Editorial Board: Susumu HIRANO
, Secretary: Yoshima ARAKI

, Planning: Kazuomi SUZUKI
, Treasurer: Kunio ISHIKAWA

Tatsushi KAWAI
Hidekazu TAKAHASHI
Kozo UMEMOTO

, Public Relations:
, Liaison Affairs:
, Education:

Editorial Board of Dental Materials Journal

Editor-in-Chief: Kazuomi SUZUKI

Vice-Editor: Funo ISHIKAWA

Vice-Editor: Hideo MATSUMURA

Editorial Board: Michael F. BURROW Taiji SOUMURA
san-Y. CHEN Hidehiko SANO
Lawrence GETTLEMAN Yukyo TAKADA

Shigeru HIRABAYASHI
Satoshi IMAZATO
Yoshinori KADOMA
Minoru KAWAGUCHI
Hyung-IL KIM
Shigeaki KURATA
Masaharu NAKAGAWA
Toru NIKAIDO

John M. POWERS

Address of Office

Shoji TAKEDA

Takuo TANAKA

Naomi TANOUE

Shozo TSURUTA
Motohiro UQO

Bart VAN MEERBEEK
Nobukazu WAKAMATSU
Yasuhiro YOSHIDA

The Japanese Society for Dental Materials and Devices ¢/o Koku Hoken Kyokai
1-43-9 Komagome TS Bdg., Komagome, Toshima-ku, Tokyo 170-0003, Japan
TEL: +81-3-3947-8891 FAX: +81-3-3947-8341

Overseas Distributor

Japan Publication Trading Co., Ltd.

P.O. Box 5030 Tokyo International, Tokyo, Japan

Scanned by CamScanner

(Members, Non-members)




ins in Combined Wear Test
Effects of Occlusal and Brushing Cycles on Wear of Compoﬂ‘fto H:sms |
Amornrat WONGLAMSAM, Kiyoshi KAKUTA and Hideo OGUR: 243
i i e Jointing of Alumij
The Effect of Magnesium Oxide Supplementation to Aluminum Oxide Slip on th g num
Oxide Bars | ‘
Tetsuron ODATSU, Takashi SAWASE, Kohji KAMADA, Yohsuke TAIRA, Takar v
and Mitsuru ATSUTA %

. 4 lyte

Electropolishing of CP Titanium and Its Alloys in an Alcoholic Solutlon-basffl .E-ISTTr 0 "’. AT
Kiyoshi TAJIMA. Masahisa HIRONAKA, Ker-Kong CHEN, Yuki NAGAMATS! o R
and Yoshio KOZONO o

Effects of One-year Storage in Water on Bond Strength of Self-etching Adhesives l{.} E nanlael a{;'l;h?ronun
Zahra JABERT ANSARI, Alireza SADR, Maryam MOEZIZADEH. Roya AMIN '+ GHASEML,
Yasushi SHIMADA, Junji TAGAMI, Shahab JABERI ANSARI and Sedizheh M0 37 ED — 264

Basic Study on the Application of Novel Functional Monomers to a Denture Base Resin
Shigeaki KURATA. Kumiko MORISHITA, Kazuo SHIMOYAMA and Koz UMEMOTO 273

Technical reports

A New Maethod for Denture Identification
Fumi TAKAHASHI, Toshinki KOJI and Osami MORITA 218

Stability and Reproducibility of Radiometric Properties of Light Curing Units (LCUs). Part [ : QTH LCUs
Maria del Mar PEREZ. Franciseo IS REZ-OCON. Cristina LUCENA-MARTIN
and Rosa PULGAR - 284

Stability and Reproducibility of Radiometric Properties of Light Curing Units (LCUs). Part1l: LED LCUs
Maria del Mar PEREZ. ¥ EREZ-OCON, Cristina LUCENA-MARTIN
nd Rosa PULGAR - = — 292

Flexural Performance of Flowable versus Conventional Light-cured Composite Resins in a Long-term

in vitro Study

Masao [RIE, Rosalina TJANDRAWINATA. Lihua E. Takashi YAMASHIRO

and Kazuomi SUZUKI == — 300

Corrigendum =

Effect of Ultraviolet Light Irradiation on Bonding of Experimental Composite Resin Artificial Teeth
Paola G. LOYAGA-RENDON, Hidekazu TAKAHASHI, Naohiko IWASAKI and Fazal REZA——— 310

Scanned by CamScanner



18)

24)

25)

26)

8]
=1

28)

29)

30)

31)

32)

33)

IRIE et 5

for indirect restorations. J Pros
50.908 Prosthet Dent 99 86:
Nomoto R, Carrick TE, McCabe JF,

a shear punch test for denta) l‘t'Hll)t‘.ali
Dent Mater 2001; 17: 415-42]
Sc}‘wrrm; S8, Denry IL, Anslem Wiskott HW, Be
UC.  Effect of water exposure on the |' elser
toughness and flexure strength of g de racture
Dent Mater 2001; 17: 367.371 ental glags.

Reinhardt JW, Boyer DB, Stepheng NH. Effe
:-il‘t'l.}n(lill"_\-' curing on indirect Imstvrim: -‘ Lcw'nf
resins. Oper Dent 1994: 19. 217-220 peRbe
Peutzfeldt A, Asmussen E, :
predictor for clinical wear of
Mater 1992; 8: 146.148.

Irie M, N;;ka.i H. Flexural Properties and swelling
after storage in water of polyacid-modified compaosite
resin (compomer). Dent Mater J 1998: 17; 77.82 I

va.- I. Saleh N, Mante M. Softening patterns
of post-cure heat-treated dental composites. [

Matcr 1993; 9: 325-331. "
Hu;n.: . Tay FR, Cheung GSP. Kei LH. Wi SHY
Pashl v DH. .Hygrnﬁmpic expansion of :
and 1 composite on artificial gap reduct

Suitability of
Ve materia|g,

Modulus of resilience as
restorative resing. Dent

a compomer
wn. .1 Dent

2002 30: 11-19.

Estaton D, Estafan A, Leinfelder KF. Cavity wall
adapiation of !‘{'Hln-based composites  lined  with
flow: | le composites. Am J Dent 2000; 13; 192-194

04 : Resin-
filling materials (ISO 4049 1988 + Technieal

corrt ondum 1: 1992). Beuth Verlag Berlin, 1997
Brusong JL, Kintz BL. Computational handbook of
statities, 2™ ed, Scott, Foresman and Company,
I 1977, pp.10-13, 24.27. 122.124. 171-174,
240011, 252-253, 263-265.

EN 1049 European Standard: Dentistry,
bas: .

Sodoholm K. Degradation of glass fiber in
expomental composites.  J Dent Res 1981 60
184 R75.

Socorholm KJ, Zigan M, Ragan M, Fischlschweiger
W rgman M. Hydrolytic degradation of dental
cornoosite resin. J Dent Res 19584; 63; 1248-12541.
Pilloe RM, Smith DC, Maric B. Fracture toughness
ot ntal composites determined using short-rod
fro ture toughness test. J Dent Res 1986; 65: 1308-
1314

Ferracane JL, Marker VA, Solvent degradation and
reduced frature toughness in aged composites,
Dot Res 1992; 71: 13-19.

Cialiis JG. Soderholm KJM. Influence of filler type
water exposure on flexural strength of
experimental composites. J Dent Res 1988; 67: 836-
840

Ferracane JL, Hopkin JK, Condon JR. Properties of
heat-treated composites after aging in water. Dent
Mater 1995; 11: 354-358.

and

34)

35)

36)

a7)

38)

S

10)

i)

43

46)

47)

309

Ferracane JI, Perge HX, Condon JR. In vitro aging
of composites in water Effect of degree of
conversion, filler volume, and filler/matrix coupling.
J Biomed Mater Res 1998; 42: 465-472.

Arksornnukit M. Takahashi H, Nishiyvama N. Effect
of silane coupling agent amount on mechanical
Properties and hydrolytic durability of composite
resin after hot water storage. Dent Mater J 2004;
23: 31-36.

Yap AUJ., Chandra SP, Chung SM, Lim CT.
Changes in  flexural properties of composite
restoratives after aging in water. Oper Dent 2002
27 468-474.

Kemp-Scholte CM, Davidson CL.
marginal  seal of Class V resin
restorations effected by increased flexibility. -J Dent
Res 1990; 69: 1240-1243.

Labella R, Lambrechts P, Van Meerbeek B, Vanherle
G.  Polymerization shrinkage and elasticity of
flowable composites and filled adhesives, Dent
Mater 1999; 15: 128-137.

Ferdianakis K. Microleakage reduction from newe:
esthetic restorative materials in permanent molars
J Chin Pediatr Dent 1998; 23: 221.229

Irie . M, Hatanaka K, Suzuki K, Wats DC
Immediate  versus water-storage performance o
Class V flowable eomposite restoratives. Dent Matoer
2006; 22: 875-883.

Soderholm K. Influence of silane treatment and
filler fraction on thermal expansion of composite
resins, J Dent Res 1934; 63: 1321-1326.
Kalachandra 8. Influence of fillers on the water
sorption of composites. Dent Mater 1989; 50 2x0
288,

Cattanni-lorente MA, Dupuis V, Mova F, Pavan .J
Mever JM.  Comparative study of the physical
properties of a polvacid-modified composite resin i
a resin-modified glass ionomer cement. Dent Mate
1999; 15: 21-32.

EA. Ericson RL, Dawvidson CL.
fluoride-releasing composite for dental application:
Dent Mater 2001: 17: 127-133.

Verbeeck RMH, De Maever EAP, Marks LAM, Ix
Moor RJG, De Witte AMJC, Trimpencers 1M
Fluoride release process of (resin-modified) glass
ionomer cements versus (polyaeid-modified) composite
resing. Blomaterials 1998; 19: 509-519.

Bonilla ED. Yashar M, Caputo AA. Fracture
toughness of nine flowable resin composites .
Prosthet Dent 2003; 89: 261-267.

Knobloch LA, Kerby RE, Seghi R, Berlin JS,
Clelland N. Fracture toughness of packable and
conventional composite materials. J Prosthet Dent
2002; 88: 307-313.

Complete
l‘umpusllv

3

Glasspoole

Scanned by CamScanner



Dental Materials Journal 27(2) : 300—309, 2008

Flexural Performance of Flowable versus Conventional Light-cured Composite Resins
in a Long-term in vitro Study
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The purpose of this study was to evaluate the flexural strength, flexural modulus, modulus of resilience, and water sorp-
tion of four flowable light-cured composite resins (FCRs). Results were then compared with four conventional composite
resins (CCRs) and a minifilled hybrid light-cured composite resin, which served as a control. Twenty specimens were flex-
ural tested immediately after curing, while others were stored in water at 37°C for 1 month, 3 months, 6 months, or 1
year before flexural testing. The 1-year specimens were weight-measured at designated time intervals to examine water
sorption. All FCRs, except Point 4 Flowable, showed higher flexural strength values than their CCR counterparts (p<0.05,
Scheffé’s test). After one-year water storage, the flexural strengths and flexural moduli of FCRs increased 1.5-fold or more
when compared with the immediate condition. In most cases, the moduli of resilience of FCRs were higher than those of
CCRs. In conclusion, it was found that FCR and CCR with the same brand name had very different characteristics and

mechanical properties.

Keywords: Flowable composite, Mechanical property, Long-term durability

INTRODUCTION

Resin composite formulations with easy-to-flow
characteristic have been introduced as the so-called
‘flowable’ composite resins (FCRs). Bayne et al.
reported that the mechanical properties of several
commercial FCRs were about 60% to 90% of those
of conventional composite resins (CCRs)Y. There-
fore, FCR is usually used as a liner in areas of diffi-
cult access or flow such as irregular internal surfaces
and proximal boxes of Class II preparations. This
is because FCR easily flows into, adapts to, and fills
the tooth surface, resulting in less leakage and hence
less internal restorations with voids and post-opera-
tive sensitivity!?. However, in restorations prepared
by sandwich technique, gaps still exist between the
FCR liner and the hybrid composite filling material®.

Despite limited scientific information, FCRs are
used in a wide range of applications®'?. Nonetheless,
dentists are uncertain and divided if FCR can be
used as a complete restoration. This is because cau-
tion is already exercised on the amount of FCR to be
used in posterior restorations to avoid problems aris-
ing from the poor mechanical properties of FCRs®.
Meanwhile, owing to strong tides of continuous
research development and high demand for FCRs,
some manufacturers have ridden on the success of
their CCR products and launched the FCR prod-
ucts. Despite the deluge of FCR products that have
entered the market, no studies have been undertaken

to compare FCRs with their CCR counterparts of the
same brand name.

In the oral environment, FCRs must withstand
masticatory and parafunctional stresses. They must
maintain their integrity while transferring stresses to
the tooth structure. It is also noteworthy that these
stresses vary markedly in different clinical situa-
tions. Consequently, threshold values for mechanical
properties — which were suggested to ensure long-
term success of dental restorations — may vary con-
siderably from one case to another. In cases where
greater stresses are anticipated, then stronger FCRs
are required. Therefore, with a view to unraveling
the real intrinsic characteristics of FCRs, it is
preferable to measure the strength of the FCR per se,
without being placed in the tooth cavity and thus
inviting the complicating presence of adhesive
materials.

To determine if a composite resin filling material
can resist masticatory force, flexural strength is
one of the mechanical properties that must be
assessed!'?, As a collective measurement of tensile,
compressive and shear stresses simultaneously,
flexural strength measurement is used to evaluate
the fracture resistance and elasticity of a material'2!¥,
Then, for the analysis of flexural strength data,
Weibull distribution analysis has been recommended.
This is because it is capable of allowing for skewed
data and predicting values within and outside the
data set*'*'®, By measuring flexural strength, the
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flexural modulus and modulus of resilience are
measured too.  Flexural modulus describes the
stiffness of a material, since marginal breakdown and
loss of marginal seal are most likely to occur in
products with a lower modulus of elasticity'"2%,
Then, the energy needed to break a material is
expressed by the modulus of resilience!»?223,

The flexural properties of composite resins are
also time-dependent. As the polymerization of com-
posites progresses even after being light-cured!”??,
an incomplete polymerization may predispose resin
restoratives to degradation. Unreacted molecules can
form walls of pores within the bulk material, which
can be filled with water and cause water sorption'V.
However, this characteristic can be advantageous to
FCR as a partial compensation for polymerization
shrinkage?”. For this reason, the long-term flexural

301

characteristics of FCR must be studied because of
important clinical implications. Besides, physical
properties — such as water sorption that plays an
important role in the long-term success of restorative
materials — must be considered too?>2?,

Therefore, this investigation was carried out to
evaluate the long-term flexural strength, flexural
modulus, modulus of resilience, and water sorption of
FCR. The hypothesis tested was that the properties
of FCR would be significantly different from those of
CCR.

MATERIALS AND METHODS

Materials used
Four FCRs (Metafil Flo, Filtek Flow, Unifil Flow, and
Point 4 Flowable) and four CCRs (Metafil C, Filtek

Table 1  Materials investigated in this study. Information is as provided by the manufacturers
M ial ing ti
ateria Batch no. Filler content Monomer Curing time
(Manufacturer) (seconds)

Metafil Flo* VVio, Barium silica glass, colloidal silica & TMPT UDMA

(Sun Medical, Moriyama, VV12, Filler content: 44 vol% (65 wt%) 40

Japan) EK1, EK2 Filler particle size: 0.01—10 #m

Metafil C** TE1 TMPT & colloidal silica UDMA

(Sun Medical, Moriyama, Filler content: 54 vol% (66 wt%) 40

Japan) Filler particle size: 0.01—10 #m

Filtek™ Flow* OBK, Silica & silica zirconia Bis-GMA,

(3M, St. Paul, MN, USA) 20010104 Filler content: 47 vol% (68 wt%) TEGDMA 20
Filler particle size: 1.50 #m

Filtek A 110%* 1AP Inorganic silica Bis-GMA

(3M, St. Paul, MN, USA) Filler content: 40 vol% (56 wt%) 40
Filler particle size: 0.04 #m

Point 4 Flowable* 206B43 Barium silica glass TEGDMA,

(Kerr, Orange, CA, USA) Filler content: 48 vol% (70 wt%) EBPADM 40

Point 4** 205553 Barium aluminoborosilicate glass Bis-GMA,

(Kerr, Orange, CA, USA) Filler content: 57 vol% (76 wt%) TEGDMA & EBPADM 40
Filler particle size: 0.4 #m

Unifil Flow* 0107201  Fluoro-alumino-silicate, silica UDMA (26%)

(GC Corp. Tokyo, Japan) Filler content: 67 wt% (vol%: Not Available) Dimethacrylate (7%) 40
Filler particle size: 0.7 gm

Unifil F** 161181, Fluoro-alumino-silicate, silica UDMA (16%)

(GC Corp. Tokyo, Japan) 0204031  Filler content: 77 wt% (vol%: Not Available) Dimethacrylate (7%) 20
Filler particle size: 0.8—0.9 gm

Herculite XRV** 112330 Barium silicate

Kerr, Orange, CA, Filler content: 59 vol% (78.8 wt%) Bis-GMA, TEGDMA 40

USA

Filler particle size: 0.6 gm

* : Flowable type (FCR), ** : Conventional type (CCR) ; UDMA=Urethane dimethacrylate; Bis-GMA=Bisphenyl glycidyl-
methacrylate ; TEGDMA=Triethylene glycol-dimethacrylate; EBPADM=Ethoxylated bis-phenol A dimethacrylate
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A110, Unifil F, and Point 4) of Shade A3, paired from
the same manufacturers, were used in this study.
A minifilled hybrid light-cured composite resin
(Herculite XRV) was used in this study as a control
material. Details of the materials, as provided by
the manufacturers, are listed in Table 1.

A visible light curing unit (New Light VL-II, GC
Corp., Tokyo, Japan) with an irradiated diameter of
10 mm was used for activating the specimens. Close
contact between exit window of the lamp and
celluloid strip was ensured. Light intensity was
checked and maintained at 450 mW/cm? using a
radiometer (Demetron/Kerr, Danbury, CT, USA).

Flexural strength measurement

Internal dimensions of the Teflon split molds used in
this study were 25X2X2 mm. A total of 100 speci-
mens were prepared for each material. Each mold
was filled with the material, covered with a celluloid
strip, and then the glass plate clamped. After 15 sec-
onds, the glass plate was removed and the specimen
was light-cured in three overlapping sections with an
irradiation time of 20, 30, or 40 seconds according
to manufacturer’s recommendations. After the
specimens were removed from the molds, excess
material was removed with a silicon carbide bur.
Following which, the specimens were polished with
#600 sandpaper to acquire flat surfaces.

Twenty specimens were flexural tested immedi-
ately, while others were immersed in 37°C distilled
water in an incubator for the following storage
periods before flexural testing: 1 month, 3 months,
6 months, or 1 year. For each material and the
designated storage period, 20 specimens were
prepared. Prior to testing, the specimens were
measured using a digital micrometer (No. 293-421-20,
Mitsutoyo, Kawasaki, Japan).

Using a three-point bending method with a 20-
mm span and a crosshead speed of 0.5 mm/min,
flexural strength was measured by mounting the
apparatus on a universal testing machine (Autograph
DCS-2000, Shimadzu, Kyoto, Japan) as outlined in
ISO 9917-2 (1996)?229, Then, a maximum external
force of 10 kgf (98 N) was applied to the middle of
the test beam.

From the flexural strength result, flexural
modulus in MPa was calculated and subsequently
converted to GPa®®?», Then, using the values of
flexural strength and flexural modulus, the modulus
of resilience was computed'>?V.

All procedures, except for mechanical testing,
were performed in an air-conditioned room at
23+0.5°C and 50+29% relative humidity.

Change in weight after 24 hour/water sorption
To assess the degree of water sorption, specimens for
1-year flexural strength measurement were weighed
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— prior to immersion in distilled water — with an
electric balance (AJ 100, Mettler, Greifensee,
Switzerland). The specimens were weighed again
after being stored in 37°C distilled water for 24 hours
and at several time intervals up to one year. Prior to
weight measurement, the specimens were dried for
one minute on Kim Wiper. Changes in specimen’s
weight between the immediate condition (i.e.,
immediately after light curing) and after water
storage were expressed as a percentage®?.

Statistical analysis

Flexural strength and flexural modulus results were
analyzed statistically using three-way ANOVA and
Scheffé’s test? at a significance level of 0.05.
Flexural strength test results were also analyzed
statistically using Weibull statistics with the
following equation:

Pf=1— exp[—(0 /00 )m]

where Pf is the probability of failure, ¢ 1is the
strength at a given Pf, o, is the characteristic
strength, and m is the Weibull modulus, a constant
factor related to the dispersion of failure data!®!>17,
Results of water sorption test were also analyzed
statistically using three-way ANOVA and Scheffé’s
test?”. Subsequently, using Sigma Plot 8.0 program
(SPSS, Chicago, IL, USA), the data were fitted to a
non-linear curve by plotting water sorption
(percentage) as a function of time (days).

RESULTS

Flexural strength

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the flexural
strength of composite resins significantly (p<0.001).
Table 2 lists the flexural strength results of all the
materials tested in this study. Scheffé’s test between
the pairs and among the materials within the same
water storage period showed significant differences
(p<0.05). In the immediate condition, all FCRs
would be completely fractured by a flexural stress of
90 MPa, with the mean value of Point 4 Flowable >
Metafil Flo > Unifil Flow > Filtek Flow. All FCRs,
except Point 4 Flowable, showed higher flexural
strength values than their CCR counterparts, and
that this situation continued up to one year. Predict-
ing from Weibull cumulative Gaussian plots, such
as those of Unifil pair and Herculite XRV (Fig. 1), it
could be seen that for all 1-year FCR specimens, a
minimum of 110 MPa flexural stress must be applied
before fracture would occur. On the contrary, 110
MPa was the maximum strength required for
fracturing the CCRs.
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Weibull analysis (Table 3) showed that Weibull
moduli varied from 5.01 to 14.30. Except for Point 4
Flowable, the characteristic strengths of CCRs were
lower than those of FCRs. Further, statistical
analysis showed high coefficients of correlation (r),
varying between 0.96 and 0.98.

Flexural modulus

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the flexural
modulus of composite resins significantly (p<0.001).
In the immediate condition, as shown in Table 4, the
flexural moduli of FCRs were in the range of 1.38—
3.16 GPa. Those of CCRs were between 2.03 and
3.71 GPa, and that of control was 5.62 GPa. After
one year, the flexural moduli increased. The flexural
moduli of FCRs increased to a range of 5.51—7.47
GPa, while those of their CCR counterparts were
between 4.53 and 8.89 GPa, and that of Herculite
XRV was 9.50 GPa. Scheffé’s test showed significant
differences in flexural modulus within each CCR-
FCR pair (p<0.05). In general, the flexural moduli of
Unifil F, Filtek A110, and Herculite XRV were higher
than those of Unifil Flow and Filtek Flow. However,
in most conditions, the flexural modulus of Metafil C
was lower than that of Metafil Flo.
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Modulus of resilience

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the modulus of
resilience of composite resins significantly (p<0.001).
As shown in Table 5, Scheffé’s test for the modulus
of resilience showed that FCRs had higher modulus
of resilience values than CCRs. Further, throughout
the one-year period, all FCRs showed almost no sig-
nificant differences among their values. The moduli
of resilience of FCRs varied between 0.62 MJ/m?® and
1.93 MJ/m?, while those of CCRs varied between
0.20 MJ/m? and 1.21 MdJ/m?.

Change in weight after 24 hours/water sorption

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the water sorp-
tion of composite resins significantly (p<0.001). The
results of water sorption are listed in Table 6. After
one-year storage, all FCRs had water sorption values
between 0.39% and 1.18%, while the CCRs showed
water sorption values between 0.98% and 2.96%.
All FCRs, except Point 4 Flowable, showed signifi-
cantly lower water sorption values than their CCRs
(p<0.05), and that Unifil F showed the highest water
sorption value among the CCRs (Fig. 2). The water

Table 2 Mean values of flexural strength of composite resins (Mean(SD) in MPa)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 7569 ( 7.35) Ce-€ 127271435 B2 ¢ 11991 (1277 %% 4 7773 ( 8.65) C ¢ 142.37 (12.47) > @
Metafil C** 50.10 (60.2) &# 7691 ( 422)C* 6756 ( 8.19) ¢Po-7 6081 ( 8.11) 5 ¢ 75.82 (10.46) © ¢ @
Filtek ™ Flow* 6242 (1029) &% ¢ 111.25(13.44)F ¢ 106.08 (11.94) T # 113.33(13.23) 77 112,59 ( 9.90) I-#
Filtek A 110%* 55.44 ( 7.70) & &-# 52.52 ( 5.82) G ? 51.09 ( 7.63) &7 ¢ 61.01 ( 6.17) & ¢ 4871 ( 5.91) &=
Point 4 Flowable*  86.88 (11.46) 2@ 12463 (17.90) % 2 ¢  88.69 (14.02) - # ¥ 90.63 (121917 ¢ 8883 (1177 -9
Point 4** 88.02 (13.22) L@ 129.12 (16.68) H: » 129.22 (20.29) H: # 117.59 (16.40) B 7 118.52 (20.16) & 8
Unifil Flow* 71.37 ( 5.93) LMY 19670 (13.59) K »- 7 132.30 (20.46) & * 136.82 (16.97) * X ¢ 153.08 (11.90) ¥ @
Unifil F** 67.88 (10.37) M & ¥ 8755 (17.31) & * 78.37 (12.80) LM ».0 60.86 (12.82) M ¢ 68.02 (11.72) M 9
Herculite XRV**  90.20 (11.28) 2@ 119.20 (1546) P #- ¢ 108.38 (15.96) >@*  97.22(16.77) @R 7 11529 (18.99) > #

n=20 ; *=flowable light-cured composite resin ; **=

conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p>0.05, Scheffé’s test) analyzed between pairs and among the

values of control

Identical Greek letters and # indicate no significant difference (p>0.05, Scheffé’s test) analyzed among the values of the

same period
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Fig. 1 Weibull cumulative Gaussian plots for Unifil pair and Herculite XRV.
Table 3  Characteristic strengths (MPa) and Weibull moduli of composite resins
Immediate 1 month 3 month 6 month 1 year
Material
CS WM CS WM CS WM CS WM CS WM
Metafil Flo* 79.08 10.35 133.69 9.47 125.67 9.98 82.51 8.68 148.16 12.04
Metafil C** 52.80 8.82 78.59 10.98 71.30 8.62 64.69 7.34 80.51 7.57
Filtek ™ Flow* 66.89 6.37 117.73 8.18 111.44 9.45 119.26 9.10 117.08 12.09
Filtek A 110** 58.90 7.47 55.14 9.58 54.40 7.16 63.88 10.25 51.45 8.41
Point 4 Flowable* 92.02 7.93 132.41 7.45 94.82 6.64 96.21 7.62 94.08 7.97
Point 4** 93.87 6.96 136.47 8.29 138.04 6.71 124.81 7.58 127.21 6.20
Unifil Flow* 74.13 12.70 132.94 9.80 141.19 6.85 144.52 8.38 158.58 13.73
Unifil F** 72.49 6.75 94.74 5.36 83.95 6.44 66.18 5.01 73.10 6.06
Herculite XRV** 95.22 8.50 126.21 8.06 115.30 7.26 109.69 5.54 123.71 6.34

n=20 ; CS=characteristic strength; WM=Weibull modulus
*=flowable light-cured composite resin; **=conventional light-cured composite resin
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Table 4 Mean values of flexural modulus of composite resins (Mean(SD) in GPa)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 1.95 (0.22) B 2. ¢ 5.04 (0.42) B * 5.06 (0.43) B 0.» 3.31(0.23) ™ ¢ 7.47 (0.67) A ¢
Metafil C** 2.03 (0.17) & 9 436 (0.31) &% 4 4,02 (0.28) C @ 3.42 (0.20) D ¢ 4.53 (0.27) B C. ¥
Filtek ™ Flow* 1.38 (0.09) M ¢ 4.32 (0.26) ™ # 455 (0.41) L0 4.87 (0.74) B @ 5.51 (0.43) 17 8
Filtek A 110%* 3.55 (0.28) & £, 0 7.12 (0.30) & ¢ 6.17 (0.57) &~ 6.99 (0.26) &= 6.05 (0.11) L# 8
Point 4 Flowable*  3.16 (0.38) N ¢ 6.39 (0.51) ™ ¢ 5.65 (0.35) U 7. 0 6.68 (0.41) 5T® 6.45 (0.48) 5T #
Point 4** 3.71 (0.40) N 8 7.68 (0.65) R ¢ 7.10 (0.61) &S 8.15 (0.67) @ ¥ 8.87 (0.59) > ¥
Unifil Flow* 1.47 (0.27) %5 ¢ 4.98 (0.57) V- 5.34 (0.85) XY 0 552 (0.45) XY ¢  6.24(0.62) X*
Unifil F** 2.24 (0.27) % ° 8.49 (0.92) W. 7 8.34 (0.99) W- ¥ 9.84 (1.19) V- 8.89 (0.82) W. ¥
Herculite XRV** 5.62 (0.50) I @ 9.60 (0.61) & 7 9.54 (0.54) & *# 9.18 (0.93) & * 9.50 (0.51) & ¥

n=20 ; *=flowable light-cured composite resin ;

*k—

conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p>0.05, Scheffé’s test) analyzed between pairs and among the
values of control
Identical Greek letters and symbols ($,%, #) indicate no significant difference (p>0.05, Scheffé’s test) analyzed among the

values of the same period

Table 5 Mean values of the modulus of resilience of composite resins (Mean(SD) in MdJ/m?)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 1.50 (0.31) & @ £ 1.65 (0.38) & ¢ 1.45 (0.37) 4% 4 0.93 (0.18) B~ 1.35 (0.28) & ¢
Metafil C** 0.65 (0.12) B:C ¢ 0.68 (0.11) % ¢ 0.58 (0.15) & #»  0.55(0.14) & * 0.69 (0.14) B ¥
Filtek ™ Flow* 1.50 (0.50) & F- @. 8 1.52 (0.19) B¢ 7 1,41 (0.28) B-F 4 1.35 (0.06) & F. ¢ 1.20 (0.26) - ¢
Filtek A 110%* 0.45 (0.10) & ¢ 0.20 (0.08) & ¢ 0.24 (0.06) ° 0.28 (0.04) & v- 7 0.20 (0.03) & ¢
Point 4 Flowable* 1.24 (0.43) &1 4.7 1.25 (0.38) = 7-7  0.80 (0.17) I K # 0.63 (0.17) K 9.7 0.62 (0.18) & ¥
Point 4** 1.05 (0.33) BLIK 76 113 ©0.37) L4 7 121 0.37)BLi4 086 (0.22) L K9 0.81(0.29) 0KV
Unifil Flow* 1.82 (0.37) -2 1.66 (0.47) - ¢ 1.74 (0.25) s * 1.71 (0.36) - = 1.93 (0.39) - @
Unifil F** 1.07 (0.36) M- 8,7, 0 0.47 (0.18) N ¢ ¢ 0.38 (0.15) - »-° 0.22 (0.10) M@ 0.27 (0.08) - ¢
Herculite XRV**  0.74 (0.20) @ 2. ¢ 0.75 (0.20) P ¢ 0.63 (0.20) @~ ¥ 0,54 (0.21) @ =¥ 0.72 (0.24) > ¥

n=20 ; *=flowable light-cured composite resin ;

*k—,

conventional light-cured composite resin

Identidal capital letters indicate no significant dirrence (p>0.05, Scheffé’s test) analyzed between pairs and among the
values of control
Identical Greek letters indicate no significant difference (p>0.05, Scheffé’s test) analyzed among the values same period
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Table 6 Mean values of water sorption of composite resins (Mean(SD) in %)

Material 1 month 3 month 6 month 1 year
Metafil Flo* 0.37 (0.04) & 7 0.38 (0.03) & ¥ 0.39 (0.03) @ 0.39 (0.03) A #
Metafil C** 1.48 (0.10) B 0 1.48 (0.10) B ¢ 1.50 (0.09) B ¢ 1.50 (0.09) B ¥
Filtek ™ Flow* 0.96 (0.40) & ¢ 0.97 (0.05) & * 0.99 (0.05) & @ 0.99 (0.04) & ¥
Filtek A 110%* 1.58 (0.11) - # 1.69 (0.12) L ¢ 1.84 (0.10) K- 7 1.98 (0.14) K ¢
Point 4 Flowable* 0.72 (0.04) @R ¢ 0.80 (0.08) P @ # 0.86 (0.07) NP> 0.93 (0.08) M N ¥
Point 4** 0.66 (0.55) ® ¢ 0.77 (0.04) @ # 0.79 (0.06) - @ = » 0.98 (0.05) ™ ¥
Unifil Flow* 1.14 (0.04) V- 0 1.17 (0.04) V- # 1.18 (0.03) V- # 1.18 (0.03) V- ¢
Unifil F** 2.81 (0.09) ¥ @ 2.95 (0.13) % 7 2.95 (0.13) %° 2.96 (0.11) % @
Herculite XRV** 0.64 (0.05) C ¢ 0.70 (0.06) & D # 0.74 (0.08) D F- » 0.80 (0.07) - $

n=20 ; *=flowable light-cured composite resin ; **=

conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p>0.05, Scheffé’s test) analyzed between pairs and among the

values of control

Identical Greek letters and symbols ($, ¥, #) indicate no significant difference (p>0.05, Scheffé’s test) analyzed among

the values of the same period
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Fig. 2  Water sorption trends of FCRs and CCRs during

one year of water storage.

sorption values correlated with the period of water
immersion time and could be fitted to a sigmoidal

curve of Chapman’s three-parameter equation
[y = aX(I—exp(-bx))] or Hill's three-parameter
equation [y = ax?/(c® + «x%)], with coefficient of

correlation r>0.997.

DISCUSSION

Measurement of long-term flexural strength is very
important for a composite resin, since it describes the
durability of the material. The degradation of com-
posite resins in the oral environment is considered
to be attributed to the resin matrix, filler particles,
and hydrolytic instability of silane coupling agent at
the polymer-silica interface?®%. After one-year water
storage in the present study, all composites showed
higher flexural strengths in comparison with their
immediate values. FCRs increased their strengths
by up to 2.14-fold, whereas their CCR counterparts
increased by only up to 1.54-fold. These results
showed that after light curing, additional cross-
linking reactions of resin components could still
be in progress, thereby leading to increases in
flexural strength and modulus?®®.

At the immediate condition, with an exception
of Point 4 pair, all materials showed lower flexural
strengths than the control. After one month or
longer, FCRs exhibited flexural strengths which
were 80—140% of the control. This result was
remarkable, since it was reported that the strengths
of FCRs were about 60—90% of those of CCRs".

Weibull analysis showed that although the
Weibull moduli of FCRs could be similar to those
of CCRs, their characteristic strengths were signifi-
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cantly different. High values of Weibull modulus
(5.01—14.30) showed that the findings were quite
reliable when compared with the results from other
specimen configurations'®.  After one year, the
Weibull moduli of the materials slightly fluctuated.
However, it was not a wide variance for each
material.

It was reported that Weibull analysis could be
used to predict the probability of failure under any
level of flexural stress application'¥. In the opposite
sense, the stress level at which 10—209% of the mate-
rials will be fractured — which is typically deemed
as clinical failure benchmark'® — can be calculated
using Weibull cumulative Gaussian plots, without
due consideration of the mean values. For example,
after one year in water storage, the material in this
study that needed the highest force to break 10%
of the specimens was Unifil Flow, which required a
stress level of 134.60 MPa (Fig. 1A). This value was
higher than its counterpart, Unifil F, which needed
only a stress value of 50.42 MPa (Fig. 1B). It was
also higher than the control, Herculite XRV, which
needed a stress value of 86.74 MPa (Fig. 1C). The
prediction of fracture under any level of flexural
stress application using the Weibull analysis
confirmed the Scheffé’s test result — that in general,
the flexural strengths of FCRs were higher than
those of CCRs after one-year water storage.

It was mentioned that with light-cured
restoratives, material strength and elastic modulus
were well correlated with filler content, filler size,
and distribution of filler particles?. In this study,
the presence of different filler contents, filler particle
sizes, and stiffness made it difficult to compare the
relation of filler contents with mechanical properties.
Moreover, the shape, composition, interparticle
spacing, and surface treatment of the filler might
play a role in influencing the mechanical properties
of composite resins'?>'?, Besides, it must be pointed
out that hoop stresses exist around filler particles as
a result of matrix shrinkage during polymerization.
These hoop stresses increase frictional force between
fillers and resin matrix, thereby decreasing filler
pullout tendency during flexural testing?$2%39,
Although it was reported that composites containing
barium glass showed a greater tendency to degrade
in water than would the composites that contained
quartz®?, this tendency was not noticeable in this
study.

Previously, it was mentioned that flowability
be mainly achieved by lowering the filler loading".
According to the information provided by the manu-
facturers, FCRs had a lower filler content than CCRs,
except for Filtek Flow which had a higher filler con-
tent than Filtek A110. Then, except for Metafil C-
Metafil Flo pair, the flexural moduli of FCRs were
significantly lower than the CCRs’. The unusual
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pattern showed by the Metafil pair was still unclear.
Notwithstanding this exception, it could be said that
the low stiffness of FCRs compensated for the polym-
erization contraction of the higher-modulus restor-
ative composite materials®?.

After storage, regardless of their flowability, the
flexural moduli of the materials increased, which
meant that the stiffness of both FCRs and CCRs
increased. Since FCRs had a lower filler content,
they also shrank more — which meant that there
was a high potential for interfacial stresses to be
exerted on the bonding agents during composite
curing®®.  However, the application of FCR still
has a prominent advantage. Traditional hybrid
composites present greater marginal voids and
microleakage than FCRs*?. Thus, the choice and use
of an appropriate application technique, such as
incremental filling technique, should be employed
to provide better internal adaptation to the tooth
structure®*? and to reduce polymerization shrinkage
stresses.

Another parameter that describes the flexural
property is modulus of resilience. It refers to the
amount of energy stored up in a body when one unit
volume of material is stressed to its proportional
limit!). If little energy is needed to break a mate-
rial, then cracks are more likely to be formed more
readily, thus resulting in increased wear rate. In
this study, except for Point 4 pair, FCRs exhibited
relatively higher moduli of resilience than the CCRs.
Hence, the FCRs would have higher wear resistance
than the CCRs?Y. In comparison with the immediate
condition, the materials showed no significant
differences or a slight decrease in their modulus of
resilience values. This meant that after one year
of static water storage, the durability of FCRs was
still better than the CCRs’, although less energy was
needed to break both types of materials. This was
an important finding and a big boost for FCRs, since
previous study revealed no significant differences in
wear rate during tooth abrasion between FCR and
condensable compositeV.

One factor that influences the modulus of resil-
ience and which also partially compensates for
polymerization shrinkage is water sorption?. To
study the trend of water sorption in a long-term
period, it is useful to plot a fitting curve (Fig. 2).
Although there were some potential equations that
could represent the water sorption cumulative data,
only two equations could fit and create an excellent
sigmoidal fitting curve. Further, although the
Chapman’s equation was slightly better than the
Hill's, the water sorption equation is an interesting
subject that warrants further study, especially when
the specimen geometry was not a disk as stated in
the ISO.

The resin matrix of the composites was believed
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to have absorbed water — usually in a small percent-
age, and which then changed the magnitude of some
physical properties*V. Differences in water sorption
values also stemmed from differences in the following
aspects: chemical composition of the matrix
monomers, diffusion coefficient and boundary
conditions at the surface of material, pore size and
pore volume, and the rate of polymerization!®4>4%,

Metafil Flo exhibited the lowest water sorption
rate among the FCRs, but that of Metafil C was in
the mid range of CCRs. This difference could be
attributed to the nanofiller content of Metafil Flo
versus the microfiller content of Metafil C. As for
Unifil F, tit contained fluoride and exhibited the
highest water sorption rate. This was because the
material must first absorb water in order to initiate
the release of fluoride*”. However, water softened
composites by penetrating the matrix and caused
unreacted monomer and unbound components to
leach'™?. With a higher water sorption rate, a lower
amount of energy was needed to break the material*?,
as shown by the modulus of resilience value. However,
this statement requires further consideration, since
Unifil F which had the highest water sorption rate
did not show the lowest flexural strength among the
materials in this study.

As mentioned before, flexural strength and
modulus of resilience are well correlated with quan-
titative clinical wear data??. Specifically, flexural
strength and modulus of resilience seem to reflect in
vivo wear performances. The fracture toughness of
FCRs is higher than that of packable composite
resins?®, and the fracture toughness of packable
resins is higher than or not significantly different
from that of CCRs*”. In view of these results, it
could be said that FCRs are more resistant to crack
propagation than CCRs.

In conclusion, most of the investigated FCRs
showed higher flexural strength, higher durabil-
ity, and lower water sorption than their CCR
counterparts in a one-year observation. It was
demonstrated that within each FCR-CCR pair, both
types of materials exhibited very different character-
istics and mechanical properties, as they differed in
filler and base monomer contents.
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The purpose of this study was to evaluate the flexural strength, flexural modulus, modulus of resilience, and water sorp-
tion of four fHowable light-cured composite resins (FCRs). Results were then compared with four conventional composite
resins (CCRs) and a minifilled hybrid light-cured composite resin, which served as a control. Twenty specimens were flex-
ural tested immediately after curing, while others were stored in water at 37°C for 1 month, 3 months, 6 months, or 1
vear before flexural testing. The l-vear specimens were weight-measured at designated time intervals to examine water
sorption. All FCRs, except Point 4 Flowable, showed higher flexural strength values than their CCR counterparts (p<0.05,
Scheffé's test). After one-year water storage, the flexural strengths and flexural moduli of FCRs increased 1.5-fold or more
when compared with the immediate condition. In most cases, the moduli of resilience of FCRs were higher than those of

CCRs. In conclusion, it was found that FCR and CCR with the same brand name had very different characteristics and

mechanical properties.

Keywords: Flowable composite, Mechanical property, Long-term durability

INTRODUCTION

Resin  composite formulations with easy-to-flow
characteristic have been introduced as the so-called
‘flowable’ composite resins (FCRs). Bayne et al
reported that the mechanical properties of several
commercial FCRs were about 60% to 90% of those
of conventional composite resins (CCRs)". There-
fore, FCR is usually used as a liner in areas of diffi-
cult access or flow such as irregular internal surfaces
and proximal boxes of Class Il preparations. This
1s because FCR easily flows into, adapts to, and fills
the tooth surface, resulting in less leakage and hence
less internal restorations with voids and post-opera-
tive sensitivity*?. However, in restorations prepared
by sandwich technique, gaps still exist between the
FCR liner and the hybrid composite filling material®.

Despite himited scientific information, FCRs are
used in a wide range of applications™'”, Nonetheless,
dentists are uncertain and divided if FCR can be
used as a complete restoration. This 1s because cau-
tion is already exercised on the amount of FCR to be
used in posterior restorations to avoid problems aris-
ing from the poor mechanical properties of FCRs".
Meanwhile, owing to strong tides of continuous
research development and high demand for FCRs,
some manufacturers have ridden on the success of
their CCR products and launched the FCR prod-
ucts. Despite the deluge of FCR products that have
entered the market, no studies have been undertaken

to compare FCRs with their CCR counterparts of the
same brand name.

In the oral environment, FCRs must withstand
masticatory and parafunctional stresses. They must
maintain their integrity while transferring stresses to
the tooth structure. It is also noteworthy that these
stresses vary markedly in different clinical situa-
tions. Consequently, threshold values for mechanical
properties — which were suggested to ensure long-
term success of dental restorations — may vary con-
siderably from one case to another. In cases where
greater stresses are anticipated, then stronger FCRs
are required. Therefore, with a view to unraveling
the real intrinsic characteristics of FCRs, it is
preferable to measure the strength of the FCR per se,
without being placed in the tooth cavity and thus
inviting the complicating presence of adhesive
materials.

To determine if a composite resin filling material
can resist masticatory force, flexural strength is
one of the mechanical properties that must be
assessed'"'™. As a collective measurement of tensile,
compressive and shear stresses simultaneously,
flexural strength measurement is used to evaluate
the fracture resistance and elasticity of a material'2'¥,
Then, for the analysis of flexural strength data,
Weibull distribution analysis has been recommended.
This is because it is capable of allowing for skewed
data and predicting values within and outside the
data set*'"** By measuring flexural strength, the
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flexural modulus and modulus of resilience are
measured too. Flexural modulus describes the
stiffness of a material, since marginal breakdown and
loss of marginal seal are most likely to occur in
products with a lower modulus of elasticity®".2",
Then, the energy needed to break a material is
expressed by the modulus of resilience! 2229,

The flexural properties of composite resins are
also time-dependent. As the polymerization of com-
posites progresses even after being light-cured'™**,
an incomplete polymerization may predispose resin
restoratives to degradation. Unreacted molecules can
form walls of pores within the bulk material, which
can be filled with water and cause water sorption''.
However, this characteristic can be advantageous to
FCR as a partial compensation for polymerization
shrinkage??. For this reason, the long-term flexural

Table 1
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characteristics of FCR must be studied because of
important chinical implications. Besides, physical
properties — such as water sorption that plays an
important role in the long-term success of restorative
materials — must be considered too*%,

Therefore, this investigation was carried out to
evaluate the long-term flexural strength, flexural
modulus, modulus of resilience, and water sorption of
FCR. The hypothesis tested was that the properties
of FCR would be significantly different from those of
CCR.

MATERIALS AND METHODS

Materials used
Four FCRs (Metafil Flo, Filtek Flow, Unifil Flow, and
Point 4 Flowable) and four CCRs (Metafil C, Filtek

Materials investigated in this study. Information is as provided by the manufacturers

Material ; Curing time
Uillistisies) Batch no. Filler content Monomer (sesonds)

Metafil Flo* VV10, Barium silica glass, colloidal silica & TMPT UDMA

(Sun Medical, Morivama, VV12, Filler content: 44 vol% (65 wt%) 40

Japan) EK1, EEK2 Filler particle size: 0.01— 10 gm

Metafil C** TE1 TMPT & colloidal silica UDMA

(Sun Medical, Morivama, Filler content: 54 vol% (66 wt%) 40

Japan) Filler particle size: 0.01— 10 gm

Filtek™ Flow* OBEK, Silica & silica zirconia Bis-GMA,

(3M, St. Paul. MN, USA) 20010104  Filler content: 47 val% (68 wt%) TEGDMA 20
Filler particle size: 1.50 gm

Filtek A 110%* 1AP Inorganic silica Bis-GMA

(3M, St. Paul, MN, USA) Filler content: 40 vol% (56 wt%) 40
Filler particle size: 0.04 ggm

Point 4 Flowable® 206B43 Barium silica glass TEGDMA,

(Kerr, Orange, CA, USA) Filler content: 48 vol% (70 wt%) EBPADM 40

Point 4** 205553 Barium aluminoborosilicate glass Bis-GMA,

(Kerr, Orange, CA, USA) Filler content: 57 vol% (76 wt%) TEGDMA & EBPADM 40
Filler particle size: 0.4 gtm

Unifil Flow* 0107201 Fluoro-alumino-silicate, silica UDMA (26%)

(GC Corp. Tokvo, Japan) Filler content: 67 wt% (vol%: Not Available) Dimethacrylate (7%) 40
Filler particle size: 0.7 gm

Unifil F** 161181, Fluoro-alumino-silicate, silica UDMA (16%)

(GC Corp. Tokyo, Japan) 0204031 Filler content: 77 wt% (vol%: Not Availahle) Dimethacrylate (7%) 20
Filler particle size: 0.8—0.9 #m

Herculite XRV** 112330 Barium silicate

Kerr, Orange, CA, Filler content: 59 vol% (78.8 wt%) Bis-GMA, TEGDMA 40

USA Filler particle size: 0.6 #m

* : Flowable type (FCR),

#% : Conventional type (CCR) ; UDMA=Urethane dimethacrylate; Bis-GMA=Bisphenyl glyeidyl-

methacrylate ; TEGDMA=Triethylene glycol-dimethacrylate; EBPADM=Ethoxylated bis-phenol A dimethacrylate
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A110, Unifil F, and Point 4) of Shade A3, paired from
the same manufacturers, were used in this study,
A minifilled hybrid light-cured composite resin
(Herculite XRV) was used in this study as a control
material. Details of the materials, as provided by
the manufacturers, are listed in Table 1.

A visible light curing unit (New Light VL-II, GC
Corp., Tokyo, Japan) with an irradiated diameter of
10 mm was used for activating the specimens. Close
contact between exit window of the lamp and
celluloid strip was ensured. Light intensity was
checked and maintained at 450 mW/em?® using a
radiometer (Demetron/Kerr, Danbury, CT, USA).

Flexural strength measurement

Internal dimensions of the Teflon split molds used in
this study were 25 X2X2 mm. A total of 100 speci-
mens were prepared for each material. Each mold
was filled with the material, covered with a celluloid
strip, and then the glass plate clamped. After 15 sec-
onds, the glass plate was removed and the specimen
was light-cured in three overlapping sections with an
irradiation time of 20, 30, or 40 seconds according
to manufacturer's recommendations. After the
specimens were removed from the molds, excess
material was removed with a silicon carbide bur.
Following which, the specimens were polished with
#600 sandpaper to acquire flat surfaces.

Twenty specimens were flexural tested immedi-
ately, while others were immersed in 37°C distilled
water in an incubator for the following storage
periods before flexural testing: 1 month, 3 months,
6 months, or 1 vear. For each material and the
designated storage period, 20 specimens were
prepared. Prior to testing, the specimens were
measured using a digital micrometer (No. 293-421-20,
Mitsutoyo, Kawasaki, Japan).

Using a three-point bending method with a 20-
mm span and a crosshead speed of 0.5 mm/min,
flexural strength was measured by mounting the
apparatus on a universal testing machine (Autograph
DCS-2000, Shimadzu, Kyoto, Japan) as outlined in
ISO 9917-2 (1996)%22%, Then, a maximum external
force of 10 kgf (98 N) was applied to the middle of
the test beam.

From the flexural strength result, fexural
modulus in MPa was calculated and subsequently
converted to GPa"'**®  Then, using the values of
flexural strength and flexural modulus, the modulus
of resilience was computed'' =",

All procedures, except for mechanical testing,
were performed in an air-conditioned room at
23+0.57C and 50+2% relative humidity.

Change in weight after 24 hour/water sorption
To assess the degree of water sorption, specimens for
l-vear flexural strength measurement were weighed
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— prior to immersion in distilled water — with an
electric balance (AJ 100, Mettler, Greifensee,
Switzerland). The specimens were weighed again
after being stored in 37°C distilled water for 24 hours
and at several time intervals up to one year. Prior to
welght measurement, the specimens were dried for
one minute on Kim Wiper. Changes in specimen’s
weight between the immediate condition (i.e.,
immediately after light curing) and after water
storage were expressed as a percentage®.

Statistical analysis

Flexural strength and flexural modulus results were
analyzed statistically using three-way ANOVA and
Scheffé's test”™ at a significance level of 0.05.
Flexural strength test results were also analyzed

statistically using Weibull statistics with the
following equation:

Pf=1 — exp[—(0 /00 )m]|

where Pf is the probability of failure, ¢ 1is the

strength at a given Pf. 0. is the characteristic
strength, and m 1s the Weibull modulus, a constant
factor related to the dispersion of failure data'*'>'",

Results of water sorption test were also analyzed
statistically using three-way ANOVA and Scheffé's
test”™. Subsequently, using Sigma Plot 8.0 program
(SPSS, Chicago, IL, USA), the data were fitted to a
non-linear curve by plotting water sorption
(percentage) as a function of time (days).

RESULTS

Flexural strength

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the flexural
strength of composite resins significantly (p<0.001).
Table 2 lists the flexural strength results of all the
materials tested in this study. Scheffé’s test between
the pairs and among the materials within the same
water storage period showed significant differences
(p=<0.05). In the immediate condition, all FCRs
would be completely fractured by a flexural stress of
90 MPa, with the mean value of Point 4 Flowable >
Metafil Flo > Unifil Flow > Filtek Flow. All FCRs,
except Point 4 Flowable, showed higher flexural
strength values than their CCR counterparts, and
that this situation continued up to one year. Predict-
ing from Weibull cumulative Gaussian plots, such
as those of Unifil pair and Herculite XRV (Fig. 1), it
could be seen that for all 1-year FCR specimens, a
minimum of 110 MPa flexural stress must be applied
before fracture would occur. On the contrary, 110
MPa was the maximum strength required for
fracturing the CCRs.
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Weibull analysis (Table 3) showed that Weibull
moduli varied from 5.01 to 14.30, Except for Point 4
Flowable, the characteristic strengths of CCRs were
lower than those of FCRs. Further, statistical
analysis showed high coefficients of correlation (),
varying between (.96 and 0.98.

Flexural modulus

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the flexural
modulus of composite resins significantly (p<0.001).
In the immediate condition, as shown in Table 4, the
flexural moduli of FCRs were in the range of 1.38—
3.16 GPa. Those of CCRs were between 2.03 and
3.71 GPa, and that of control was 5.62 GPa. After
one year, the flexural moduli increased. The flexural
moduli of FCRs increased to a range of 5.51—7.47
(GPa, while those of their CCR counterparts were
between 4.53 and 8.89 GPa, and that of Herculite
XRV was 9.50 GPa. Scheffé’s test showed significant
differences in flexural modulus within each CCR-
FCR pair (p<0.05). In general, the flexural moduli of
Unifil F, Filtek A110, and Herculite XRV were higher
than those of Unifil Flow and Filtek Flow. However,
in most conditions, the flexural modulus of Metafil C
was lower than that of Metafil Flo.
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Modulus of resilience

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the modulus of
resilience of composite resins significantly (p<0.001).
As shown in Table 5, Scheffé's test for the modulus
of resilience showed that FCRs had higher modulus
of resilience values than CCRs. Further, throughout
the one-year period, all FCRs showed almost no sig-
nificant differences among their values. The moduli
of resilience of FCRs varied between 0.62 MJ,/m" and
1.93 MJ/m® while those of CCRs wvaried between
0.20 M.J/m® and 1.21 MJ/m?®.

Change in weight after 24 hours/water sorption

ANOVA showed that differences in the type and
maker of composite resin and a long immersion
period in distilled water would affect the water sorp-
tion of composite resins significantly (p<0.001). The
results of water sorption are listed in Table 6. After
one-year storage, all FCRs had water sorption values
between 0.39% and 1.18%, while the CCRs showed
water sorption values between 0.98% and 2.96%.
All FCRs, except Point 4 Flowable, showed signifi-
cantly lower water sorption values than their CCRs
(p=<0.05), and that Unifil F showed the highest water
sorption value among the CCRs (Fig. 2). The water

Table 2  Mean values of flexural strength of composite resins (Mean(5SD) in MPa)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 75.69 ( 7.35) Gt 12727 (14.35) Bro 11991 (12778 %4 77.73( 865) O ¢ 142.37 (1247) A @
Metafil C** 80.10 (60.2) B# 76.91( 429 6T 67.56( 8.19)CDer  gOBL( BIDDES 75.82(10.46) © +. &
Filtelt ™ Flow* 6242 (1029 %% 111251349 ¥ 106.08 (11.94) ¥ # 11333 (1329 % 77 112.59( 9.90) 8
Filtelk A 110%% 8544 ( 7.70) 5 . # 5252 ( 587 B v 51.09( 763) G 2 6101 ( 6.17) U # 4871 ( 591) Gs

Pomt 4 Flowable®

86,88 (11.46) L™ @

124.63 (17.90) 2 # @

Point 4% 88.02 (1329 '™ 129.12 (16.68
Unifil Flow* TLAT( 5,93 “MEY 19670 (1359 ¥ o @
Unifil F#* 67.88 (1037 M= ¥ 8755 (178 LT
Herculite XRV**  90.20 (11.28) &= 119.20 (15.46) .o @

8869 (1402) b ¥

129,22 (20.29) 1. =

132.30 (20.46) ¥ *

7837 (12.80) LM 20

108,38 (15.96) 79 2

9063 (1219 L7

117.59 (16.40) B 7

136.82 (16.97) - & ¢

60.86 (12.82) M. @

9722 (16.77) @R 7

8883 (1.7 N9

11852 (20.16) B 8

153.08 (11.90) " @

6R.02(11.72) M 7

11529 (18.99) ¥ &

n=20 ; *=flowable light-cured composite resin ; **=conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p=0.05, Scheffé's test) analyzed between pairs and among the

values of control

Identical Greek letters and # indicate no significant difference (p=0.05, Scheffé’s test) analyzed among the values of the

same period
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Fig. 1  Weibull cumulative Gaussian plots for Unifil pair and Herculite XRV.
Table 3  Characteristic strengths (MPa) and Weibull moduli of composite resins
Immediate 1 month 3 month 6 month 1 year
Material

CSs WM CcS WM Ccs WM Ccs WM [oF] WM
Metafil Flo* 79.08 10.35 133.69 9.47 125.67 9.98 82.51 8.68 148.16 12.04
Metafil C** 52.80 8.82 78.59 10.98 71.80 8.62 64.69 7.34 80.51 7.57
Filtelt ™ Flow* 66.89 6.37 117.73 8.18 111.44 9.45 119.26 9.10 117.08 1209
Filtek A 110%* 58.90 7.47 55.14 9.58 54.40 7.16 63.88 10.25 51.45 8.41
Point 4 Flowable® 92.02 7.93 182.41 7.45 94.82 6.64 96.21 7.62 94.08 7.97
Point 4%% 93.87 6.96 136.47 8.29 158.04 6.71 124.81 7.58 127.21 6.20
Unifil Flow* 74.18 12.70 132.94 9.80 141.19 6.85 144.52 8.38 158.58 18.73
Unifil F** 72.49 6.75 94.74 5.36 83.95 6.44 66.18 5.01 73.10 6.06
Herculite XRV** 95.22 8.50 126.21 8.06 115.30 7.26 109.69 5.54 123.71 6.34

n=20 ; CS=characteristic strength; WM=Weibull modulus

*=fowable light-cured composite resin; **=conventional light-cured composite resin
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Table 4 Mean values of flexural modulus of composite resing (Mean(SD) in GPa)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 1.95 (0.22) & 9. ¢ 5.04 (0.42) B« 5.06 (0.43) B ¢.e 3.31(0.23) 0 ¢ 7.47 (0.67) 4 =
Metafil OF* 20301757 436 (0.3 C %4 4.02 (028 ©° 3.42 (0.20) B ¢ 4.53 (0.27) B OY
Filtek ™ Flow* 1.38 (0.09) M. # 4.32 (0.26) B 4 4.55 (0.41) Leo 487 (0.74) H & 5.51 (0.43) L. 8
Filtek A 110%% 3.55 (0.28) 8.4 7.12 (0.30) & ¢ 6.17 (057 & 7 6.99 (0.26) &= 6.05 (0.11) L* 8
Point 4 Flowable®  3.16 (0.38) ™4 6.39 (0.,51) T # 5.65 (0.35) V' %8 G68 (0.41) ST 6.45 (0.48) S T.#
Point 4%* 371 (0.40) N # 7.68 (0.65) LR ¢ 7.10 (0.61) ®-5.0 8.15 (0.67) & ¥ 8.87 (0.59 ™Y
Unifil Flow® 1.47 (0.27) % 5. ¢ 4.98 (0.57) ¥ = 5.34 (0.85) %Y. ¢ 5.62 (0.45) %Y. @ 6.24 (0.62) % #
Unifil F+* 2.24 (0.27)% 9 8.49 (0.92) W. = 8.534 (0.99) V. ¥ 9.84 (1.19) V- T 8.89 (0.82) W. ¥
Herculite XRV** 5,62 (0.50) ¥+ = 9.60 (0.61) & 7 9.54 (0.54) G # 9.18(0.93) &t 9.50 (0.51) & ¥

n=20 ; *=flowable light-cured composite resin ; **=conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p>0.05, Scheffé's test) analyzed between pairs and among the
values of control

Identical Greek letters and symbols ($ ¥, #) indicate no significant difference (p=0.05, Scheffé’s test) analyzed among the
values of the same period

Table 5 Mean values of the modulus of resilience of composite resins (Mean(SD) in M.J/m?)

Material Immediate 1 month 3 month 6 month 1 year
Metafil Flo* 1.50 (0.31) &« 8 1.65 (0.38) ¢ 1.45 (03D~ 4 0.93(0.18 %~ 1.35 (0.28) & ¢
Metafil C** 0.65 (0.12) &5 ¢ 0.68 (0.11) B% ¢ 0.58(0.15) %  0.55(0.14) T 0.69 (0.14) B ¥
Filtek ™ Flow*  1.50 (0.50) & ¥ a8 152 (0.19) %% 7 141 (028) 5% 4 1.35 (0.06) BF Y 1.20 (0.26) ¥ %
Filtelt A 110%* 0.45 (0.10) “ ¢ 0.20 (0.03) & ¢ 0.24 (0.06) %° 0.28 (0.04) 5 7 0.20 (0.03) % ¢
Point 4 Flowable* 1.24 (0.43) L 8.7 1.25 (0.38) B 7.1 D800I FE~ 063 (0.17) Ko T 0.62 (0.18) & ¥
Point 4** 105 (0.33) W14 K=d 1307y BELT 191 (03 B2 086 (0.229 LR AT 0.81(0.29) K Y
Unifil Flow* 1.82 (0.37) b=» 1.66 (0.47) 1.74 (0.25) = 1.71 (0.36) - = 1.93 (0.39) @
Unifil F*#* 1.07 (0.36) M. 8.7, @ 0.47 (0.18) N . ¢ 038 (0.15) M ¥0 022 (0.10) N T 0.27 (0.08) N €
Herculite XRV** 0,74 (0.20) Q. 9. ¢ 0.75 (0.20) * ¢ 0.65 (0.20) ® Q= ¥ 054 (0.21) 7 ¥ 0.72 (0.24) B2 ¥

n=20 ; *=fHowable light-cured composite resin ; **=conventional light-cured composite resin

Identidal capital letters indicate no significant dirrence (p=>0.05, Scheffé's test) analyzed between pairs and among the
values of control

Identical Greek letters indicate no significant difference (p=0.05, Scheffé's test) analyzed among the values same period
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Table 6 Mean values of water sorption of composite resins (Mean(SD) in %)

Material 1 month 3 month 6 month 1 year
Metafil Flo* 0.37 (0.04) 7 0.38 (0.03) * ¥ 0.39 (0.03) +™ 0.39 (0.03) ~*
Metafil CF* 1.48 (0.10) & @ 1.48 (0.10) & ¢ 1.50 (0.09) ® ¢ 1.50 (0.09) B ¥

Filtek ™ Flow* 0.96 (0.40) & ¢

Filtek A 110%% 1.58 (0.1 -8

Point 4 Flowahle® 0.72 (0.04) @B #

Point 4*% 0.66 (0.55) ¢
Unifil Flow* 1.14 (0.04) V- @
Unifil F** 2.81 (0.09) ¥ @
Herculite XRV** 0.64 (0.05) & ¢

0.97 (0.05) & 2

1.69 (0.12) - ¢

0.80 (0.08) *-Q »

0.77 (0.04) @ #

L17(0.04) V- %

2.95 (0.18) % 7

0.70 (0.06) &b #

0.99 (0.05) & @ 0.99 (0.04) & ¥

1.84 (0.10) & = 1.98 (0.14) & ¢

0.86 (0.07) N2 0.93 (0.08) M N. ¥

0.79 (0.06) B QT v 0.08 (0.05) M ¥

"

1.18(0.03) v~ 1.18 (0.03) ¥

2.95 (0.18) % 2.96 (0.11) %@

0.74 (0.08) D.¥F. v 0.80 (0.07) ¥ 8

n=20 ; *=flowable light-cured composite resin ; **=conventional light-cured composite resin

Identidal capital letters indicate no significant difference (p>0.05, Scheffé's test) analyzed between pairs and among the

values of control

Identical Greek letters and symbols ($, ¥, #) indicate no significant difference (p>0.05, Scheffé’s test) analyzed among

the values of the same period
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Fig. 2  Water sorption trends of FCRs and CCRs during

one year of water storage.

sorption values correlated with the period of water
immersion time and could be fitted to a sigmoidal

curve of Chapman’s three-parameter equation
[v = aX(I—exp(-bx)] or Hill's three-parameter
equation [y = axt/(e® + x)], with coefficient of

correlation r=0.997.

DISCUSSION

Measurement of long-term flexural strength is very
important for a composite resin, since it describes the
durability of the material. The degradation of com-
posite resins in the oral environment is considered
to be attributed to the resin matrix, filler particles,
and hydrolytic instability of silane coupling agent at
the polymer-silica interface***, After one-year water
storage in the present study, all composites showed
higher flexural strengths in comparison with their
immediate values. FCRs increased their strengths
by up to 2.14-fold, whereas their CCR counterparts
increased by only up to 1.54-fold. These results
showed that after light curing, additional cross-
linking reactions of resin components could still
be in progress, thereby leading to increases in
flexural strength and modulus*®.

At the immediate condition, with an exception
of Point 4 pair, all materials showed lower flexural
strengths than the control. After one month or
longer, FCRs exhibited flexural strengths which
were 80—140% of the control. This result was
remarkable, since it was reported that the strengths
of FCRs were about 60 —90% of those of CCRs?.

Weibull analysis showed that although the
Weibull moduli of FCRs could be similar to those
of CCRs, their characteristic strengths were signifi-
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cantly different. High values of Weibull modulus
(5.01—14.30) showed that the findings were quite
reliable when compared with the results from other
specimen configurations'®.,  After one year, the
Weibull moduli of the materials slightly fluctuated.
However, it was not a wide wvariance for each
material.

It was reported that Weibull analysis could be
used to predict the probability of failure under any
level of flexural stress application'”. In the opposite
sense, the stress level at which 10—20% of the mate-
rials will be fractured — which is typically deemed
as clinical failure benchmark'® — can be calculated
using Weibull cumulative Gaussian plots, without
due consideration of the mean values. For example,
after one year in water storage, the material in this
study that needed the highest force to break 10%
of the specimens was Unifil Flow, which required a
stress level of 134.60 MPa (Fig. 1A). This value was
higher than its counterpart. Unifil F. which needed
only a stress value of 50.42 MPa (Fig. 1B). It was
also higher than the control, Herculite XRV, which
needed a stress value of 86.74 MPa (Fig. 1C). The
prediction of fracture under any level of flexural
stress application using the Weibull analysis
confirmed the Scheffé’s test result — that in general,
the flexural strengths of FCRs were higher than
those of CCRs after one-year water storage.

It was mentioned that with light-cured
restoratives, material strength and elastic modulus
were well correlated with filler content, filler size,
and distribution of filler particles®. In this study,
the presence of different filler contents, filler particle
sizes, and stiffness made it difficult to compare the
relation of filler contents with mechanical properties.
Moreover, the shape, composition, interparticle
spacing, and surface treatment of the filler might
play a role in influencing the mechanical properties
of composite resins'>'”. Besides, it must be pointed
out that hoop stresses exist around filler particles as
a result of matrix shrinkage during polymerization.
These hoop stresses increase frictional force between
fillers and resin matrix, thereby decreasing filler
pullout tendency during flexural testing?®.%),
Although it was reported that composites containing
barium glass showed a greater tendency to degrade
in water than would the composites that contained
quartz®®, this tendency was not noticeable in this
study.

Previously, it was mentioned that fowability
be mainly achieved by lowering the filler loading®.
According to the information provided by the manu-
facturers, FCRs had a lower filler content than CCRs,
except for Filtek Flow which had a higher filler con-
tent than Filtek A110. Then, except for Metafil C-
Metafil Flo pair, the flexural moduli of FCRs were
significantly lower than the CCRs'. The unusual

307

pattern showed by the Metafil pair was still unclear.
Notwithstanding this exception, it could be said that
the low stiffness of FCRs compensated for the polym-
erization contraction of the higher-modulus restor-
ative composite materials®?,

After storage, regardless of their flowability, the
flexural moduli of the materials increased, which
meant that the stiffness of both FCRs and CCRs
increased. Since FCRs had a lower filler content,
they also shrank more — which meant that there
was a high potential for interfacial stresses to be
exerted on the bonding agents during composite
curing®™, However, the application of FCR still
has a prominent advantage. Traditional hybrid
composites present greater marginal voids and
microleakage than FCRs*. Thus, the choice and use
of an appropriate application technique, such as
incremental filling technique, should be employed
to provide better internal adaptation to the tooth
structure® and to reduce polymerization shrinkage
stresses.

Another parameter that describes the flexural
property is modulus of resilience. It refers to the
amount of energy stored up in a body when one unit
volume of material is stressed to its proportional
limit', If little energy is needed to break a mate-
rial, then cracks are more likely to be formed more
readily, thus resulting in increased wear rate. In
this study, except for Point 4 pair, FCRs exhibited
relatively higher moduli of resilience than the CCRs.
Hence, the FCRs would have higher wear resistance
than the CCRs2V. In comparison with the immediate
condition, the materials showed no significant
differences or a slight decrease in their modulus of
resilience values. This meant that after one year
of static water storage, the durability of FCRs was
still better than the CCRs', although less energy was
needed to break both types of materials. This was
an important finding and a hig boost for FCRs, since
previous study revealed no significant differences in
wear rate during tooth abrasion between FCR and
condensable composite!).

One factor that influences the modulus of resil-
ience and which also partially compensates for
polymerization shrinkage is water sorption®. To
study the trend of water sorption in a long-term
period, it is useful to plot a fitting curve (Fig. 2).
Although there were some potential equations that
could represent the water sorption cumulative data,
only two equations could fit and create an excellent
sigmoidal fitting curve.  Further, although the
Chapman's equation was slightly better than the
Hill's, the water sorption equation is an interesting
subject that warrants further study, especially when
the specimen geometry was not a disk as stated in
the 180.

The resin matrix of the composites was believed
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to have absorbed water — usually in a small percent-
age, and which then changed the magnitude of some
physical properties'”. Differences in water sorption
values also stemmed from differences in the following
aspects: chemical composition of the matrix
monomers, diffusion coefficient and boundary
conditions at the surface of material, pore size and
pore volume, and the rate of polymerization' 1244,

Metafil Flo exhibited the lowest water sorption
rate among the FCRs, but that of Metafil C was in
the mid range of CCRs. This difference could be
attributed to the nanofiller content of Metafil Flo
versus the microfiller content of Metafil C. As for
Unifil F, tit contained fluoride and exhibited the
highest water sorption rate. This was because the
material must first absorb water in order to initiate
the release of fluoride'y. However, water softened
composites by penetrating the matrix and caused
unreacted monomer and unbound components to
leach'#", With a higher water sorption rate, a lower
amount of energy was needed to break the material'”,
as shown by the modulus of resilience value. However,
this statement requires further consideration. since
Unifil F which had the highest water sorption rate
did not show the lowest flexural strength among the
materials in this study.

As mentioned before, flexural strength and
modulus of resilience are well correlated with quan-
titative clinical wear data®". Specifically, flexural
strength and modulus of resilience seem to reflect in
vivo wear performances. The fracture toughness of
FCRs is higher than that of packable composite
resins'®, and the fracture toughness of packable
resins is higher than or not significantly different
from that of CCRs'™, In view of these results, it
could be said that FCRs are more resistant to crack
propagation than CCRs.

In conclusion, most of the investigated FCRs
showed higher flexural strength, higher durabil-
ity, and lower water sorption than their CCR
counterparts in a one-year observation. It was
demonstrated that within each FCR-CCR pair, both
types of materials exhibited very different character-
istics and mechanical properties, as they differed in
filler and base monomer contents.
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